We have acquired high-resolution echelle spectra of 225 F6-M5 type stars in the southern hemisphere. The stars are targets or candidates to be targets for the AngloAustralian Planet Search. CaII HK line cores were used to derive activity indices for all of these objects. The indices were converted to the Mt. Wilson system of measurements and logR ′ HK values determined. A number of these stars had no previously derived activity indices. In addition we have also included the stars from Tinney et al. (2002) using our Mt. Wilson calibration. The radial-velocity instability (also known as jitter ) level was determined for all 21 planet-host stars in our dataset. We find the jitter to be at a level considerably below the radial-velocity signatures in all but one of these systems. 19 stars from our sample were found to be active (logR ′ HK > -4.5) and thus have high levels of jitter. Radial-velocity analysis for planetary companions to these stars should precede with caution.
INTRODUCTION
The Anglo-Australian Planet Search (AAPS) has been monitoring the radial-velocities of over 200 main sequence stars since January 1998 (e.g., Tinney et al. 2001) . Radialvelocity searches are the cornerstones of current planet detections, giving rise to the bulk of the 171 extrasolar planets (Butler et al. 2006 ). However, dynamical activity in the stellar chromosphere (e.g., Queloz et al. 2001; Henry et al. 2002; Paulson et al. 2004 ) can mimic the radial-velocity signature of a planet. Indeed, it can be the primary source of uncertainty in attributing radial-velocity periodicities to a planetary companion, making the measurement of this activity in each planet search target star critical.
The level of activity associated with a target is most commonly determined by measuring the strength of the Calcium H and K lines in stellar spectra. The Mount Wilson HK Project ) has been utilising this technique since the mid-1960's for over 100 stars; currently the project monitors over 400 dwarfs and giants. They have defined a logR ′ HK index, which various studies have shown to be a useful indicator of the level of radial-velocity instability (jitter) in F-K type dwarfs (e.g., Saar & Donahue 1997; Santos et al. 2002; Wright 2005) . The Vienna-KPNO CaII H&K Survey (Strassmeier et al. 2000) has similar aims. Both these studies target northern hemisphere stars. There are no such studies conducted in the southern hemisphere that provide the continuous monitoring of activity that these projects in the north provide. Until recently (2006) there was only one large-scale activity analysis of solartype stars in the southern hemisphere and this was provided by Henry et al. (1996) at the Cerro Tololo Inter-American Observatory (CTIO). Gray et al. (2006) have recently published the results of a spectroscopic survey conducted on stars earlier than M0 out to 40pc at the CTIO and the Stewart Observatory. These projects do not provide the longterm monitoring aspect of the Mount Wilson project, yet they provide us with a useful testbed to the conclusions drawn in the north, whilst also providing an independent sample for statistical analysis.
When the AAPS list was drawn up, the vast majority of targeted stars were not on the activity list compiled by Henry et al. (1996) . Henry et al. acknowledge that their primary sample of 650 stars south of -25 o only comprise around 50% of the total number of solar-type stars in this region of the southern sky down to V∼9. Hence, to measure the chromospheric CaII HK core emission for all AAPS targets not in the Henry et al. catalogue we have taken spectra of 225 stars from the AAPS, a number of which had no previously derived activity indices. Also the majority of these objects are already being monitored by the AAPS for the presence of planetary companions, however some are being scrutinised as potential target candidates for an expansion of the target list.
OBSERVATIONS AND REDUCTION
Six nights of observations were taken over a period of four years and are listed in Tables 1 and 2 . The observations were made using the University College London Echelle Spectrograph mounted on the 3.9-m Anglo-Australian Telescope (AAT), and followed the observing procedures described by Tinney et al. (2002) . We used the EEV2 2048 x 4096 13.5- The chip has relatively low QE (∼18%) around the HK line region, however as these are bright sources this presented no problems. The CCD setup was similar to the EEV2 chip giving effective slit lengths of 23.5 pixels. The dispersion was again similar to that of the EEV2 runs (0.02Å pixel −1 ) giving a resolution of 4.5 pixels or 0.09Å. 225 F6-M5 dwarfs and sub-giants were observed in seeing ranging from 0.7-1.4 arcseconds through slits of sizes 1.0 x 3.5, 1.0 x 4.0 and 1.0 x 6.0 arcseconds. We have also included the observations in Tinney et al. (2002) to complete this catalogue. Exposure times ranged from 30 seconds to 900 seconds for the faintest objects. This provided signalto-noise ratios per 0.02Å wavelength pixel of between 10 and 80. The target stars were taken from the AAPS target list and were supplemented by calibration stars taken from the Mount Wilson HK Project . These are used to calibrate onto the Mount Wilson system of measurements. All calibration stars are listed in Table 1 , along with their visual magnitudes, colours, spectral types and derived activity indices.
The reduction was accomplished using standard echomop protocols (Mills et al. 1996) . Prior to the echomop procedure the files were prepared by performing a bias or overscan subtraction and rotating them to echomop's desired alignment. Each of the five orders (142 -146) were then traced, clipped, flat fielded and the scattered light was removed. No sky subtraction was needed as the sky brightness around the CaHK lines is negligible compared to the brightness of our sources. Wavelength calibration was performed using ThAr arc spectra acquired for this purpose. The data acquired using the MITTL3 chip were then flux calibrated, as were the data from Tinney et al. (2002) , in order to correct the blaze and inter-order sensitivity. This was accomplished using a measurement of the standard µ Col (Turnshek et al. 1990 ). None of the other three nights were flux calibrated. All spectra were then scrunched to a linear scale with bin widths of 0.02Å. All stars were then cross-correlated with an observation of HD216435 and the barycentric velocity for this star was applied, leaving a series of zero velocity spectra. Jones et al. (2002) have shown that HD216435 has a radial-velocity variation of 20ms
over a period of 1326 days (3.7 years). This is negligible when compared with the barycentric correction. The spectra were then normalised to the continuum region between 3991 and 4011Å, which represents the outer bandpass region (R) we used to acquire our desired activity index (SAAT).
To determine robust CaHK activity indices we employed four bandpasses centred around the calcium HK line cores. The V and R bandpasses both have square profiles with widths of 20Å and are centred on the continuum at 3901Å and 4001Å respectively. The K and H bandpasses have triangular profiles with FWHM's of 1.09Å and are centred on the cores themselves, at 3933.667Å and 3968.470Å respectively. Fig. 1 (upper) shows the final spectrum after the reduction procedure for the star HD190248. All four passbands are highlighted for reference. The H and K line cores are clearly evident. This star has a spectral type of G5IV-V. We find this star to be chromospherically quiet, with a final logR ′ HK of -5.03. The lower plot in Fig. 1 highlights the triangular bandpasses used to integrate the flux of the H line core. Two calibration stars are shown for reference, those are HD3443AB (top) and HD1835 (bottom), and both have been offset from zero for clarity. The stars are both main sequence stars and have spectral types of K1V and G3V respectively. The more active of the two (HD1835) exhibits some marked emission at the central core, whereas the inactive star (HD3443AB) has a deep central minima. It is these characteristics that allow accurate activity indices to be generated.
ANALYSIS

S Indices
Our spectra have been used to measure CaII HK emission (SMW) indices . This index is a measure of the ratio between the integrated flux in two triangular bandpasses (with FWHM's of 1.09Å) centred on the CaII H (3968.470Å) and K (3933.664Å) lines, against the integrated flux in two square 20Å continuum bandpasses at either side of the HK features, centred at 3901Å (V) and 4001Å (R). The Mt. Wilson (MT) Project determine this index individually each night using a specialised multi-channel photometer. S M W is defined as:
where Ni is the number of counts in each bandpass (where i=H, K, V and R) and α is a constant that is determined each night by the observation of standards.
Using the same methodology used to determine Eq. 1, Tinney et al. (2002) have shown that the emission index for stars observed at the AAT (S AAT) is given by:
Here the NHK terms have two components. This is due to positioning of the echellogram, which causes both the H and K features to appear in two adjacent orders.
We used Eq. 2 to combine the integrated flux values from all bandpasses, giving us a set of S AAT values we could use to calibrate onto the MW system of measurements. We have employed slightly different instrumental setups in our study and have observed our targets across a range of S/N ratios therefore we have included individual measurements for multiple objects in our calibrations. We have also chosen the most stable calibrators possible from Duncan et al. (1991) , allowing us a better estimation of the variability error in our final activity index. Columns 3 and 4 of Duncan et al. (1991) give the minimum and maximum S indices obtained at Mt. Wilson. Over the course of one observing season the measured S index can vary on the level of ±0.05, therefore selecting the most stable calibrators helps us reduce this uncertainty. Fig. 2 shows the least-squares fit used to calibrate onto S MW . The calibration we employ (S AAT) has a slope of 1.081±0.001 and a zero-point offset of 0.013±0.007. The RMS scatter about the fit is 0.014. This level of scatter is lower than the scatter found by Tinney et al. (2002) who also calibrated against stars from the CTIO study. Henry et al. (1996) employed a different approach to both the MW Project and our AAT analysis. They centred 4Å-wide square bandpasses on the HK line cores, compared to the 1.09Å triangular bandpasses employed at MW. When the bandpasses here are widened non-linear calibrations are needed to convert to the MW system of measurements. We suspect this leads to increased systematic errors in HK values. Indeed when we include all objects in this study with CTIO indices in our calibration we find a similar scatter to Tinney et al. (2002) of around 0.02. Table 2 shows all derived S AAT activity indices, after calibration onto the MW system of measurements, along with their one sigma photon-counting uncertainties. The table is split by epoch and there are a few objects with more than one measurement. In the majority of cases the photoncounting errors are an order of magnitude below that of the overall scatter from the calibration. In order to fully quantify all sources of error in the reduction procedure, such as scattered light removal, proper blaze removal, precise flux calibration etc, we used the stable star HD10700 (τ Ceti) as a proxy for the reduction errors. We have acquired three separate measurements of τ Ceti spanning a period of three years and due to the extremely small variation of ∼1% (Baliunas et al. 1995) this represents a good indicator of the random errors in the reduction procedure. The standard deviation of the three measurements here is 3%, which is slightly lower than that of the Keck and Lick errors from Wright et al. (2004) . However, we only have three separate measurements, which likely gives rise to a slightly lower estimation of the random errors. This 3% error should also be taken into account when quantifying the significance of any of the activity indices in Table 2 . 
logR ′
HK Values
The S index provides an estimate of both the photospheric and chromospheric flux, and hence a combined CaII emission feature. In order to obtain actual activity values we have to concentrate on chromospheric flux, meaning photospheric effects have to be removed. This is accomplished by normalising the chromospheric emission to the bolometric luminosity of the star, and is most commonly designated by the logR ′ HK parameter. We have followed Noyes et al. (1984) In Fig. 3 we have plotted our logR are. We therefore employ no further calibration. Due to the inherently variable nature of stellar activity and errors in the reduction procedure, we believe the deduced RMS is a better measure of the overall error budget in each individual measurement. Henry et al. 1996; Wright et al. 2004; Saffe et al. 2005) . Gray et al. (2006) have recently completed the analysis of stars in the southern hemisphere for the NStars Project and the values in here are mostly in agreement with this work. However, the agreement with this work is not as tight as with Wright et al. (2004) , most likely due to the different setups employed in this study as the Gray et al. approach used 4Å bandpasses, as opposed to the 1.09Å used in this work and the MW project. Indeed when we increase the widths of our bandpasses here, non-linear calibrations are needed onto the MW system.
DISCUSSION
Knowledge of the level of activity induced jitter in any radial-velocity measurement is essential to quantify the errors on a detected planetary fit. Jitter can vary on a timescale of days due to a number of different factors such as magnetic flux tube evolution, sub-photospheric convection, stellar oscillations and surface rotation of spots (Marcy et al. 2005 ) and can thus have a significant bearing on radial-velocity measurements. Therefore determining the jitter level of independent measurements allows one to generate a more precise velocity point and hence a more precise overall Keplerian fit.
The 21 planetary systems in this work have logR ′ HK values ranging from -5.35 (HD27442) to -4.43 (HD22049). HD22049 (aka. Eps Eri) already had measurements taken at MW and they agree with our derived mean value of -4.43, confirming the high activity of the host star. Saar et al. (1998) , Santos et al. (2000) and Wright (2005) have carried out studies probing the relationship between stellar activity and radial velocity jitter (σ ′ rv ). Wright provides an empirical estimate of jitter, culminating in a jitter metric (σ ′ rv ), which is a function of stellar evolution (for a full detailed description of the analysis, see Eqs. 1 -7 Wright 2005). Applying this methodology, and using Hipparcos B-V, MV and a TEFF from Valenti & Fischer (2005), we find the jitter level for the most active planet-host star in our catalogue (HD22049) to be ∼5.7ms
−1 with 20 th and 80 th percentiles of 4.6 and 9.5 ms −1 respectively (see Wright appendix for an explanation of percentiles). This low level of jitter for such an active star arises because the star is spectral type K. Jitter falls off at later spectral types allowing lower radial-velocity trends to be found around active K stars than F stars. The radial-velocity amplitude (K) for HD22049 is 19±1.7ms −1 . This level of velocity is significantly above our derived jitter. We therefore conclude that activity is not the source of the radial-velocity signature for HD22049.
Two other planet-host stars are shown to be quite active, both have logR ′ HK,AAT values larger than Eps Eri. The first of these is HD13445 and it has a logR ′ HK,AAT of -4.64. As this star is a K-dwarf the level of jitter it exhibits is not extremely high but it should be in the range 6-13ms −1 . The planetary fit to this star has an amplitude of 380±1ms
with a period of 15.78 days and from this a minimum mass of ∼4MJ was derived for the planet . It is clear the jitter for this star is significantly lower than the observed radial-velocity measurements. The second of the two stars is HD17051 (ι Hor) and it has a logR ′ HK,AAT value of -4.59. Kürster et al. (2000) announced the detection of a planet with a minimum mass of 2.26MJ and a period of 320.1±2.1 days. The amplitude of the planetary fit is 67ms −1 with an RMS scatter of 27ms −1 . The internal errors were estimated to be 17ms −1 and they speculated the difference was activity induced, with a jitter of 20ms −1 , consistent with the results from Kürster et al. (2000) . We find a jitter range of 9-19ms −1 , which agrees well with observations and the higher end of this range can go a long way toward explaining the high level of scatter observed by Kürster et al. (2000) and Butler et al. (private communication) .
17 out of the other 18 remaining planet-hosts objects are relatively inactive. These are HD142, HD2039, HD20782, HD23079, HD27442, HD30177, HD70642, HD73526, HD76700, HD102117, HD134987, HD142415, HD154857, HD169830, HD179949, HD216435 and HD216437. We find that the derived jitter value can not explain the observed stellar radial-velocity signal confirming the planetary hypothesis. However, the remaining star (HD10647) is spectral type F and we find the radial-velocity jitter is likely to be similar to the reported planetary signal. Mayor (2003) announced a best-fit Keplerian to the data with a K of 18±1ms −1 , giving rise to a planet with a period of 1040 days (2.85 yrs) and a Msini of ∼0.91 MJ. We find the logR ′ HK,AAT index to be -4.70. This relates to a jitter of ∼11-23ms −1 at the 1-sigma level. This level of jitter is similar to the derived planetary signature. The star also exhibits a strong IR excess (Decin et al. 2000) which may be indicative of the presence of a disk. This also agrees well with the active nature of the star as this indicates the star is young. Mayor acknowledged the jitter phenomenon and by the use of a bisector analysis, they found no evidence for any periodic line profile variability. Jones et al. (2004) find only weak evidence for a planetary companion in the AAPS dataset for this object. However, four additional measurements have been taken at the AAT for this star over a period of 2 years. The current best-fit Keplerian has a period of 2.73 years with an amplitude of 17.9ms −1 . The RMS to the fit is 8.9ms −1 . This signature is in agreement with the signal announced by Mayor (2003) , however with a false alarm probability of 0.25 more data points will be needed to obtain robust planetary parameters.
logR
′ HK Distribution: Fig. 4 shows the distribution of stellar activity for 225 stars on the AAPS target list. The selection criteria for the list itself targets more evolved stars, and as such the inactive peak was expected. We see the indication of a possible binomial distribution in activity with peaks centred at -4.95 and -4.45. This result has been found before in both the northern and southern hemispheres (e.g., Vaughan & Preston 1980; Henry et al. 1996) .
There are a number of highly active (logR ′ HK > -4.5) stars on this list. For the assessment of highly active stars we use the Santos et al. (2000) jitter relation (see Eqs. 2 -4 from Santos et al. 2000) , as the Wright model is out of range for some of our active stars. The vertical solid line in Fig. 4 represents the lower boundary of these active stars. There are 19 stars in this region. Since the R ′ HK -σ ′ (Vr) relation decreases with spectral type, the jitter values of half of these are closer to the lower end of this range, as 9 of these stars are Kdwarfs. However, all are expected to have jitter values in excess of ∼7ms −1 , therefore the low-amplitude radial-velocity signatures of companions must be treated with care. Also two of the active set are M-dwarfs, and with B-V colours >1.5 they are outside the model limits for jitter determination. Wright (2005) shows that M-type stars statistically exhibit higher jitter levels than F,G,K-type stars. Therefore, we expect these two active M stars to exhibit high levels of jitter.
Analysis of the remaining F and G-type stars, HD1835, HD11131, HD13246, HD19632, HD88201, HD90712, HD129060 and HD152391 show these are likely to have jitter values around ∼10-30ms −1 . HD1835 and HD11131 were used as calibrators, and both the MW and CTIO studies have found these to be highly active. This level of jitter has already proven sufficient to mimic a planetary companion (e.g., Queloz et al. 2001; Henry et al. 2002) . It must be noted that the logR ′ HK > -4.5 is a somewhat arbitrary cut-off. An F-type star, such as HD16673, with a logR ′ HK value of -4.64, still provides a jitter range of around: σ ∼11-24ms −1 . Therefore, it is necessary to take great care when dealing with radial-velocity amplitudes for all F-type stars >-4.70. Indeed the two active F-type stars (HD13246 and HD129060) exhibit extremely high levels of jitter. Having logR ′ HK values of -4.38 and -4.41 respectively, they exhibit jitter of around ∼17-40ms −1 . This level of jitter puts serious limitations on the potential for planet discoveries around these stars. The AAPS baseline is 8 years and even giant planets with orbital periods longer than this do not generate large radial-velocity amplitudes. For example, Jupiter, with a semimajor axis of 5.2AU, induces a radial-velocity motion of ∼12ms −1 on the Sun over a 12 year period. The jitter level exhibited by both these stars could serve to mask the planetary signature of an orbiting Jupiter even once the baseline is sufficient to detect them.
Due to the variable nature of stellar activity, in particular when dealing with active stars, it is important to obtain multi-epoch activity indices. This will allow planet searches to state categorically that the jitter-level is significantly lower than any companion's periodic radial-velocity signature. It is even more essential in the southern hemisphere, where no such program yet exists. We have obtained more than one measurement for a small number of our stars, but with a maximum of three observations, we are still limited by a lack of data. At MW a number of measurements are obtained of the same object over an observing season. The difference in logR ′ HK -index over one season can change at the level of ∼ ±0.2 (see Duncan et al. 1991 Table 1 (Wright et al. 2004 ). This level of discrepancy highlights the difficulty when attempting to calibrate between systems and when trying to fully quantify activity. This is why gaining multiple measurements using a well defined standard setup is essential.
Time series analysis also allows other avenues of study to be undertaken. Stellar ages and rotation periods can be empirically estimated using logR ′ HK relationships. For instance the age-chromospheric activity relation of Soderblom et al. (1991) , most recently updated to its current form by Baliunas et al. (1995) (3) here R5=10 5 R ′ HK and R ′ HK represents the activity level for a solar-type star averaged over many stellar activity cycles. The more observations one obtains, the closer one gets to the actual age derived from this relationship. This is because taking multiple measurements allows a better determination of the mean activity index for main sequence stars. Using the Sun's variability range from above (∼-5.10 to -4.96) causes measurements of the solar age to differ by several . Variability knowledge is essential to obtain reliable age and rotation estimates of stars. Table 3 from Duncan et al. (1991) . logR ′ HK,MW are derived from . Note: the photon-counting errors are indicative only, a random error of 3% must be taken into account in all instances. This error was estimated from measurements of τ Ceti.
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